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PROPENE RECOVERY 

The invention is directed to a process to separate 
propene from the product stream obtained in a fluidized 
catalytic cracking process. 

In a fluid catalytic cracking (FCC) process a mixture 
of hydrocarbons is prepared by means of catalytic 
cracking of a petroleum distillate or residue fraction. 
The hydrocarbon reactor effluent is separated in a 
separation section into gasoline, light and heavy cycle 
oil and gaseous products, for example methane, LPG, 
propene and butene . In a conventional separation section 
the reactor effluent is first separated in a so-called 
main f ract iona tor . The top product obtained in the main 
fractionator will comprise nti^t to the *=^o-called 
permanent gases like hydrogen, methane and nitrogen a 
certain amount of ethene, ethane, propene, propane and 
other saturated and unsaturated hydrocarbon compounds 
having a boiling point of below 220 °C. The valuable 
hydrocarbon compounds boiling in the gasoline range are 
recovered from this top product in a so-called 
unsaturated gas plant as described in US-A-4 6054 93 . 

US-A-4605493 describes a process in which the top 
product of the main fractionator is first compressed in 
one or more stages to a higher pressure level. This 
section is also referred to as the recontacting section. 
After the recontacting section the gaseous compounds 
having a boiling point of ethane and below are separated 
from the hydrocarbon products having a boiling point of 
at least propene and above by means of distillate 
separation step. This distillate separation step 
comprises m that the compressed top product is separated 
in a gaseous fraction and a liquid fraction by means of a 
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flash operation. The gaseous fraction is sent to an 
absorber section and the liquid product is sent to a 
stripping section. In the combined absorber and stripping 
section propene, propane and higher boiling hydrocarbon 
5 compounds are separated from the gaseous compounds 

including ethane and ethene and lower boiling compounds. 
In the embodiment illustrated in US-A-4605493 the 
absorber and stripping sections are represented by two 
separate vessels . Embodiments in which both sections are 

10 present in one column are also known from the prior art. 

Propene has become an important by-product of a FCC 
unit operation. The importance of this by-product is for 
example illustrated by the fact that dedicated ZSM-5 
containing catalyst additives are used to enhance the 

15 propene yield in a FCC unit operation. A problem often 

associated with the increase in propene yield above the 
design value of an existing plant is rnar Lhtr above 
described rectifying absorber becomes a bottleneck. This 
bottleneck may for example result in that the part of the 

20 extra propene prepared in the FCC reactor will not be 

separated from the gaseous products in the rectifying 
absorber. Recovery of propene from the gaseous product 
downstream of the rectifying absorber is economically 
less attractive. 

25 The object of the present invention is to provide a 

process in which propene can be separated from the 
gaseous FCC products with a higher efficiency than is 
possible with prior art processes. 

This object is achieved by the following process: 
30 Process to separate propene from gaseous fluid catalytic 

cracking products by performing the following steps: 
a) separating a feed mixture comprising the gaseous 

products, propene and other saturated and unsaturated 
hydrocarbons obtained in a fluid catalytic cracking 
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process into a hydrocarbon-rich liquid fraction and a 
hydrogen containing gaseous fraction, 

b) separating the hydrogen containing gaseous fraction 
into a hydrogen-rich gaseous fraction and a 

5 hydrocarbon-rich gaseous fraction by means of a 

membrane separation, 

c) supplying the hydrocarbon- ri ch gaseous fraction 
obtained m step (b) to an absorber section and 
obtaining in said absorber section a lower boiling 

10 fraction rich in gaseous products having a boiling 

point of ethane or below and supplying the hydro- 
carbon-rich liquid fraction obtained in step (a) to a 
stripper section and obtaining in said stripper 
section a higher boiling fraction comprising propene 

15 and hydrocarbons having a boiling point higher than 

ethane . 

Applicants have found that by separating of pcu-t of 
the hydrogen present in the feed to the rectifying 
absorber in step (c) that the efficiency of the propene 

20 recovery is improved. This improvement enables one, for 

example, to either make use of smaller distillate units 
for new FCC units or to de-bottleneck existing FCC units 
enabling a higher propene production. An additional 
advantage is that hydrogen is obtained having a 

25 reasonable good quality in a relatively simple manner 

when compared to methods which can recover hydrogen from 
gaseous fractions at a point more down stream of the 
rectifying absorber. A further advantage is that in 
step (b) part of the sour gasses like H2S and HCN are 

30 removed with the hydrogen, thereby reducing the amount of 

corrosive compounds in step (c) . 

The feed mixture of step (a) is a mixture obtained in 
a FCC main fractionator comprising gaseous products and 
saturated and unsaturated hydrocarbons ranging from 
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methane to hydrocarbons having an atmospheric borling 
point of about 250 °C and preferably to about 220 °C. 
Apart from hydrogen the gaseC'US FCC prc-ducts comprise 
various components like NH3, H9S, CO, C(J2 ^ and H2O. The 
5 feed mixture has a pressure typically r^erween 11 and 

25 bars. The content of hydrogen in the hydrogen 
containing gaseous fraction will suitardy be 3 vol.% or 
higher. In a typical FCC process the hydrogen content m 
the hydrogen containing gaseous fraction will be between 

IC 5-20 vol.%. 

The separation in a liquid and gaseous fraction m 
step (a) can be achieved h^y a conventional flash 
operation, for example m a knock out vessel. It has been 
found advantageous to reduce the contaminant level 

15 (especially NH3 and H2S) of the hydrogen containing 

yaseouG fraction ?'='^'t~ 1-0 step (b) . This leads to a more 
hydrogen-rich gaseous fraction in step (b) . Removal of 
sour gasses can be achieved by conventional methods. For 
example by contacting the feed prior to step (a) with 

20 water and separating in step (a) the feed mixture into a 

sour water fraction and the above mentioned hydrocarbon- 
rich liquid fraction and hydrogen containing gaseous 
fraction. Such a separation may be suitably performed in 
a three phase separation vessel. 

25 Step (b) can be performed by making use of 

conventional membrane separation means, which are known 
to be selective of separating hydrogen from small 
hydrocarbons. Selective separation occurs when a pressure 
gradient across the membrane is applied. Preferably a 

30 hydrogen separation selectivity greater than 20, more 

preferably greater than 50, is required, wherein the 
selectivity is defined as the permeability ratio of 
hydrogen over methane. Permeability is defined as the 
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number of moles of a compound which permeates a membrane 
per square meters per day per bar of pressure difference. 

It xs also advantageous for the propene recovery in 
step (c) when membranes are used through which methane 
and ethane wrll permeate significantly faster than the 
heavier hydrocarbons (C3+). Preferably the membrane has a 
methane separation selectivity of greater than 5, wherein 
the selectivity is defined as the permeability ratio of 
methane over propane. Suitable mem.branes should further 
have a sufficient permeation rate for the hydrogen and 
should have a sufficient life time. Preferred membranes 
further show a good resistance to liquid hydrocarbons. 
The membranes can be made from either inorganic or 
organic material . Examples of inorganic materials are 
ceramic, carbon and molecular sieve materials. An example 
of a ceramic membrane is described in US-A-5827569 . 
Organic membrane materials are preferably of a polymer 
material, for example polyaramid, pol yether imide and 
polyimid. Examples of commercial membrane systems which 
can be used in the process according to the invention are 
Medal of L'Air Liquide, Prism alpha of Air Products, 
Polysep of UOP and Membrane Systems (e.g. module B-H) of 
Ube . 

The membrane is suitably in the form of a hollow 
fibre placed xn a membrane unit in a conventional manner 
known to one skilled in the art. In such a membrane unit 
a bundle of hollow membrane fibres are placed in a vessel 
in such a manner that hydrogen present in the feed to the 
unit can pass the membrane fibre from the shell side to 
the inside of the fibre resulting in a second gaseous 
fraction rich in hydrogen and a gaseous fraction enriched 
in hydrocarbons . The vessel has outlet conduits and 
spaces to collect the hydrogen rich gaseous fraction 
collected in the fibres and inlet means at the shell side 
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for the gaseous fraction and outlet means for the 
hydrocarbon rich fraction. In a preferred embodiment a 
number of such vessels are arranged in series in order to 
achieve the desired separation and to avoid the use of 
large vessels. 

The temperature in step (b) is preferably at least 
20 "^C higher than the dew point of the hydrogen 
containing gaseous mixture send to step (b) when membrane 
materials are used which are sensitive to liquid 
hydrocarbons. Additional means for heating this gaseous 
mixture should then be provided to heat the hydrogen 
containing mixture prior to step (b) . Preferably the 
temperature in step (b) is between 50-100 °C and more 
preferably between 70-90 °C. 

The hydrogen containing gaseous fraction in step (b) 
suitably will have a pressure greater than 11 bar, 
preferably greater than 15 bar which enables an etricienL 
separation in step (b) . The pressure ratio of the 
pressure of the hydrogen containing gaseous mixture send 
to step (b) and the hydrogen-rich gaseous mixture 
obtained in step (b) is suitably greater than 2 and 
preferably greater than 5. Although the separation rate 
is negatively influenced when a low pressure ratio is 
used, it may in some cases be advantageous when the 
resulting higher pressure hydrogen-rich gaseous fraction 
is further purified. When the hydrogen-rich fraction is 
used as fuel higher pressure ratios may advantageously be 
applied. Preferably more than 50% of the hydrogen present 
in the hydrocarbon feed mixture is separated in step (b) . 

In step (c) the hydrocarbon- rich gaseous fraction 
obtained in step (b) is supplied to an absorber section. 
This absorber section may be a single column or a 
combination of more columns which comprise at least means 
to condense the gaseous top product, means to recycle the 
condensed top product to the absorber section and means 
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to discharge a higher boiling liquid fraction to the 
stripper section. This liquid fraction may be 
advantageously send to step (a) in order to separate any 
gaseous compounds m this fraction before sending it to 
the stripper section. This latter embodiment is 
illustrated m US -A- 4 6 0 5 4 9 3 . 

The absorber section may further be suitably provided 
with means to supply a liquid hydrocarbon mixture, which 
mixture if; poor in at least propene, to rhe top or 
discharge end of the absorber section. This hydrocarbon 
ir.ixture, also referred to as lean oil, serves to absorb 
into the liquid phase as much propene and other valuable 
higher boiling hydrocarbons in the absorber section 
before being discharged to the stripper section. Examples 
of suitable sources of lean oil are the higher boiling 
fraction obtained in a debutanizer or the condensed 
fraction directly oDtamed from uiite u^j^ j^^oduct of the 
mam fractionator of a fluidized catalytic cracking 
process. In the condenser the lower boiling gaseous 
fraction rich in gaseous products having a boiling point 
of ethane or below is obtained. 

In step (c) the hydrocarbon- rich liquid fraction 
obtained in step (a) is supplied to a stripper section. 
The stripper section is provided with reboiler means to 
evaporate any lower boiling compounds resulting in a 
gaseous fraction, means to discharge the higher boiling 
fraction comprising propene and hydrocarbons having a 
boiling point higher than ethane and means to discharge 
the gaseous fraction to the absorber section. This 
gaseous fraction may be send to step (a) before being 
supplied to the absorber section as illustrated in 
U5_;^_4 5054 93 . However preferably the gaseous fraction 
obtained in the stripping section is send directly to the 
absorber section in order to achieve that the hydrogen 
concentration in the hydrogen containing gaseous fraction 
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obtained in step (a) is as high as possible. A higher 
hydrogen concentration is favourable for the efficiency 
of the membrane separation in step (b) . 

The stripper section may be a single column or a 
combination of more columns. An example of an embodiment 
of step (c) is described in the afore mentioned 
US-A-4 6054 93 . In a preferred embodiment absorber section 
and the stripping section are combined in one 
distillation column, optionally provided with one or more 
additional side-coolers and reboilers. Such a combined 
column is referred to as a so-called rectifying absorber. 

It has been found that the propene recovery is even 
further improved when the hydrocarbon-rich liquid 
fraction obtained in step (a) is fed to a position in the 
rectifying absorber column above the feed inlet of the 
hydrocarbon rich gaseous fraction obtained in step (b) . 
Preferably between Z-b practical uLciy^ d^t; present 
between these two inlets . 

The operation conditions in the rectifying absorber 
may be those conventionally applied. The pressure at the 
top may typically range between 10 and 25 bars and the 
bottom temperature between 110 and 140 °C. 

The higher boiling fraction comprising propene and 
hydrocarbons having a boiling point higher than ethene 
obtained in step (c) can be further processed in a 
conventional manner in which propene is recovered by 
distillation from the other hydrocarbon products. 

The invention shall be illustrated making use of 
Figure lA and Figure 1. Figure lA represents a rectifying 
absorber column according to the state of the art. Via 
stream (1) a feed mixture comprising gaseous products, 
propene and other saturated and unsaturated hydrocarbons 
is supplied to a knock out vessel (2) resulting in a 
hydrocarbon-rich liquid fraction which is discharged via 
stream (4) to the rectifying absorber column (5) and a 
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hyuroqen containing gaseous iracrion which is discnarged 
via s 1 r e a in ; 3 ) t c me r e c 1 1 f \' i r: g a b o r b e r c o 1 umn ( 5 : - T h e 
reitifymq acsorber cclumn { b is equipped with a gas 
outiei: it) ror the gaseous zop f r a c t. i c ri , a Ciudenser (9) 
and a condenser collection i^essel ( 1 0 m which the 
gaseous ccmpDnents are separated via (II'::' f r am the 
condensed liquid fraction which liquio fraction is 
recycled via (12:) to the top o: the ci-lumn. Via 
stream (11) lean oil is mixed with the qase<:>us top 
product uf)-stream of condenser (9). M'Ost of the propene 
present in the gaseous fracticn present in stream. (8) 
will oe abso^rbed by the lean cil and returned to the 
rectifying absorber via (11;. The rectifying absorber is 
further equipped with a retoiler (7; . Via stream (6; tne 
liquid bottom fraction enriched m propene is discharged 
tC' downstream separation units. 

. - . J : ^ ^- ^ ^ ^ 

invention. The meaning of the reference signs is the same 
as in Figure lA. In addition to the process represented 
m Figure lA a membrane separation unit (14) is shown in 
which a hydr ogen - r i ch gaseous fraction is c-btained and 
discharged via (16) and a hydrocarbon-rich gaseous 
fraction is obtained which is supplied to the rectifying 
absorber column (5) via (15). 

The invention is especially directed to a methC'd for 
retrofitting an existing separation unit which is part of 
the down stream separation m.eans of a fluid catalytic 
cracking unit, and wherein in the separation unit the 
gaseous compounds having a boiling point of ethane and 
below are separated from tne hydrocarbon products having 
a boiling point of at least propene. The existing 
separation unit, which has also been described above, 
comprises an absorber and stripping sections and 
separation flash means in which the hydrocarbon feed is 
first separated m a liquia and gasec^us fraction. 


wo 00/75263 



PCT/EPOO/04997 


Preferably che absorber and strrpprng sections are 
combined ir. one rectifying absorber column. The 
retrofitting comprising adding means to remove hydrogen, 
p I e i. e r a b 1 y b \. me a n s C' i me mb r a n e separation, fro m t h e 
qaseC'Us fraction obtained m the flash separator. 
Preferably use is made c^f existing feed inlets m the 
respective absorber and stripping sections for the 
gaseous, fraction obtained in the membrane unit and the 
liquid fraction obtained in the flash separator. 

The invention is also directed to the use c-f a 
membrane separator to remove hydrogen from a feed of a 
distilJate separation unit which is used to separate 
gaseous compounds having a boiling point of ethane and 
below from hydrocarbon products having a boiling point of 
at least propene . 

The invention will be illustrated by the following 

mathematical model describing the knock out vessel and 
the rectifying absorber. A conventional value for the 
membrane separation efficiency is used. 
Example 1 

To a knock out vessel a typical FCC compressed top 
product of the main fractionator is sent having a 
pressure of 17.1 bar. Hydrogen was separated from the 
gaseous mixture as obtained in the knock out vessel in a 
membrane separation unit resulting in a gaseous mixture 
rich in hydrocarbons. The hydrogen rich gaseous fraction 
obtained has a pressure of 2 bars. The hydrocarbon-rich 
mixture is supplied to a typical rectifying absorber at 
the same feed inlet location as the feed inlet location 
of the liquid fraction obtained m the knock out vessel. 
The propene recovery is 95.1% calculated on the feed 
mixture. See also Table 1, 
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Example 2 

Example 1 is repeated except that tne reed inlet of 
the qaseou^s m.ixture rich in hydrocaroons is 4 practical 
t :: a v s is e 1 o v: t ri e feed i i\ let o t the liquid traction 
or'tained m the Knock out vessel, ilie teed inlet position 
cc the liquid fraction is the same as used in Example 1. 
I'ne propene recovery is 96.1% calculated on the feed 
mixture. See aiso Table 1. 
Example 3 

Example 1 is repeated except that tne membrane area 
is half of the area used in Example 1. The propene 
recovery is 93.3V calculated on the feed m.ixture. See 
a 1 so Tab le 1 . 
Example 4 

Example 1 is repeated except that the membrane area 
is 50% larger than the area used in Example 1. The 

y- ^r^(=' rf^-noTr^c^--^/ i_ ^"^,8% calculated on the food m.i t u r c . 
See also Table 1. 
Comparative experiment A 

Example 1 is repeated except that the mixture having 
tne composition (I) is supplied directly to the 
rectifying absorber without making use the knock out 
vessel and the membrane unit. The location of the feed 
inlet is the same as in Example 1. The propene recovery 
is 89.2% calculated on the feed mixture. 


Table 1 


Example-^ 

1 



4 

membrane area (M^) 

6000 

60 0 0 

3000 

9000 

Pressure of stream (11) (bar) 

Ic . 3 

16.3 

16.3 

16 . 3 

Fraction of H2 removed (% on feed) 

7 6 

76 

56 

84 

propene recovery (% on feed) 

95.1 

96, 1 

93 . 3 

95 . 8 

capacity increase compared to base 
case: Comparative experiment A 

6% 

11% 

5% 

9% 
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CLAIMS 

1 . Process to separate propiene from gaseous fluid 
catalytic crarkmg proaucts c>y performing the foiiowi.ng 
steps : 

a) separating a feed mixture comprising the gaseous 
prc^aucts, propene and other saturated and unsaturated 
hydrc'carbons 'Obtained m a fluid catalytic cracking 
p-rocess into a hydr oca rbon- r i ch liquid fraction and a 
hyarogen containing gaseous fraction, 

b) separating the nydrogen containing gaseous fraction 
into a hydr ogen- r icn gaseous fraction and a hydrocarbon- 
rich gaseous fraction by means of a membrane separation, 

c) supplying the hydr oca rbon- r i ch gaseous fraction 
obtained in step (b) to an absorber section and obtaining 
in said absorber section a lower boiling fraction rich m 
gaseous pr^duu-^s having a boiling point of ethane or 
below and supplying the hydr ocarbon- r i ch liquid fraction 
obtained in step (a) to a stripper section and obtaining 
m said stripper section a higher boiling fraction 
comprising propene and hydrocarbons having a boiling 
point higher than ethane. 

2. Process according to claim 1, wherein to the top or 
discharge end of the absorber section a liquid hydro- 
carbon mixture is supplied to, which hydrocarbon mixture 
is poor m propene. 

3. Process according to any one of claims 1-2, wherein 
the gaseous fraction obtained in the stripping section is 
supplied dire::tly to the absorber section. 

4. Process according to any one of claims 1-3, wherein 
the higher boiling liquid fraction obtained m the 
absorber section is supplied to step (a) . 
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5. Process according to any one of claims 1-2, wherern 
the stripping section and the absorber section are 
combined in one distillation column. 

6. Process according to claim 5, wherein the hydrocarbon 
rich liquid fraction obtained m step (a) is fed to a 
positic-n m the distillation column above the feed inlet 
of the hydrocarbon rich gaseous fraction obtained in 
step (b) . 

7. Prc^cess according to any one of claims 1-6, wherein 
the hydrogen separation selectivity of the membrane 
separation m step (b) is greater than 20, wherein the 
hydrogen separation selectivity is defined as the 
permeability ratio of hydrogen over methane. 

8. Process according to any one of claims 1-7, wherein 
the methane separation selectivity of the membrane 
separation in step (b) is greater than 5, wherein the 
methane separation selectivity is defined the 
permeability ratio of methane over propane. 

9. Method for retrofitting an existing separation unit 
for separating a feed into a gaseous fraction comprising 
compounds having a boiling point of ethane and below and 
a liquid fraction comprising hydrocarbon products having 
a boiling point of at least propene, which separation 
unit comprises an absorber and stripping sections and 
separation flash means in which the feed is first 
separated in a liquid and gaseous fraction and means to 
supply the gaseous fraction to the absorber section and 
means to supply the liquia fraction to the stripping 
section, wherein the retrofitting comprises adding 
membrane separation means which remove part of the 
hydrogen from the gaseous fraction before supplying said 
gaseous fraction to the absorber section. 

10. Use of a membrane separator to remove hydrogen from a 
feed of a distillate separation unit which is used to 
separate gaseous compounds having a boiling point of 
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ethane and below from hydrocarbon products having a 
boilrng pome of at least propene . 
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1. Process to separate propene from gaseous fluid 
catalytic cracking products by performing the following 
steps : 

a) separating a feed mixture comprising the gaseous 
products, propene and other saturated and unsaturated 
hydrocarbons obtained m a fluid catalytic cracking 
process into a hydrocarbon-rich liquid fraction and a 
hydrogen containing gaseous fraction, 

b) separating the hydrogen containing gaseous fraction 
into a hydrogen-rich gaseous fraction and a hydrocarbon- 
rich gaseous fraction by means of a membrane separation, 

c) supplying the hydrocarbon-rich gaseous fraction 
obtained in step (b) to an absorber section and obtaining 
in said absorber section a lower boiling fraction rich in 
gaseous product hdving a Doilmg point of ethane or 
below and supplying the hydrocarbon-rich liquid fraction 
obtained in step (a) to a stripper section and obtaining 
in said stripper section a higher boiling fraction 
comprising propene and hydrocarbons having a boiling 
point higher than ethane. 

2. Process according to claim 1, wherein to the top or 
discharge end of the absorber section a liquid hydro- 
carbon mixture is supplied to, which hydrocarbon mixture 
is poor in propene . 

3- Process according to any one of claims 1-2, wherein 
the gaseous fraction obtained in the stripping section is 
supplied directly to the absorber section. 
4. Process according to any one of claims 1-3, wherein 
the higher boiling liquid fraction obtained in the 
absorber section is supplied to step (a) . 
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5. Process according to any one of claims 1-2, wherein 
the stripping section and the absorber section are 
combined in one distillation column. 

6. Process according to claim 5, wherein the hydrocarbon 
rich liquid fraction obtained m step (a) is fed to a 
position in the distillation column above the feed inlet 
of the hydrocarbon rich gaseous fraction obtained in 
step ( b ) . 

7. Process according to any one of claims 1-6, wherein 
the hydrogen separation selectivity of the membrane 
separation in step (b) is greater than 20, wherein the 
hydrogen separation selectivity is defined as the 
permeability ratio of hydrogen over methane. 

8. Process according to any one of claims 1-7, wherein 
the methane separation selectivity of the membrane 
separation in step (b) is greater than 5, wherein the 
methane separation selectivity is defined as the 
permeability ratio of methane over propane. 

9. Method for retrofitting an existing separation unit 
for separating a feed into a gaseous fraction comprising 
compounds having a boiling point of ethane and below and 
a liquid fraction comprising hydrocarbon products having 
a boiling point of at least propene, which separation 
unit comprises an absorber and stripping sections and 
separation flash means in which the feed is first 
separated in a liquid and gaseous fraction and means to 
supply the gaseous fraction to the absorber section and 
means to supply the liquid fraction to the stripping 
section, wherein the retrofitting comprises adding 
membrane separation means which remove part of the 
hydrogen from the gaseous fraction before supplying said 
gaseous fraction to the absorber section. 

10. Use of a membrane separator to remove hydrogen from a 
feed of a distillate separation unit which is used to 
separate gaseous compounds having a boiling point of 
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ethane and below from hydrocarbon products having a 
boiling point of at least propene. 
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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets whicti have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as ''originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7))\ 
Description, pages: 

1-11 as originally filed 

Claims, No.: 

1-7 as received on 29/05/2001 with letter of 29/05/2001 

Drawings, sheets: 

1/2,2/2 as originally filed 

2. With regard to the language, all the elements marked phove were available ui fumibhea to this Authority in the 
iartguage in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)); 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 


6. Additional observations, if necessary: 


V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-7 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-7 

industrial applicability (lA) Yes: Claims 1-7 

No: Claims 


2. Citations and explanations 
see separate sheet 


VII. Certain defects in the International application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 


VIII. Certain observations on the International application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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I 

1) . Prior Art 

It is considered that US-A5452581(D1) contains the most relevant prior art. It discloses 
the separation of an olefin-containing feed into a hydrogen-rich gas fraction and a liquid 
fraction and then separation of the gas stream into H2 and HC-rich streams using a 
membrane (see CI. 1). 

It is considered that US-A-4605493(D2) is less relevant than D1 because it only 
discloses absorber and stripper sections but not a membrane separator. 

2) . Novelty (Art. 33(2) PCT) 

The following interpretation of part (c) of claim 1 is given: The term "absorber section" 
as used in the application refers to anything which results in condensation of part of the 
gaseous phase and the t^rm "stripper section" io anything which results in removal of 
vapour from the liquid phase (see description, bridging paragraphs pages 6-7 and 7-8 
respectively). Moreover in a significant embodiment of claim 1 the 2 processes of 
absorption and stripping can occur at the same locaton within the system (e.g. see 
example 1 , pg 10). 

In view of these considerations both features of part (c), i.e. processing of the HC-rich 
gas fraction from (b) in an "absorber" section and processing of the HC-rich liquid 
fraction from (a) in a "stripper" section to obtain fractions as described in (c) are 
disclosed by D1 to condense an olefin phase from the hydrogen-lean stream and direct 
the condensate to a vapor-liquid separator (see CI. 2 and Fig 1 & supporting passage in 
col. 7, I. 35-52). 

It is noted that while claim 1 refers to "a process to separate propene from gaseous 
FCC products" there are no actual steps of separation and recovery of propene; rather 
the products of the process as in part (c) would be a condensed phase from the HC- 
rich gas fraction which may contain a substantial amount of propene and a liquid 
fraction from stripping of the HC-nch liquid fraction from (a) which would contain 
propene. It is considered that because of the conditions described in D1 (e.g. see col. 
7, I. 35-37) the liquid fraction would certainly contain propene. 
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The feature "wherein to the top or discharge end of the absorber section a liquid HC 
mixture is supplied to, which HC mixture is poor in propene", which has been 
introduced by amendment into the claim, is considered so unclear (see section II 
below) that it cannot be considered to distinguish the subject-matter of claim 1 from the 
prior art. 

In view of this D1 is considered to disclose the features of (a)-(c) of claim 1 except that 
the feed derives from FCC, the feed mixture comprises products ranging to HCs 
having a boiling point of 250°C and that membrane separation occurs at between 50 
and 100°C. Therefore the subject-matter of claim 1 is novel (Art. 33(2) PCT). 

3). Inventive Step (Art. 33(3) PCT) 

However, none of the said features introduce an inventive step. One skilled in the art 
would certainly apply the separation process taught in D1 to an FCC product. One 
skilled in the art would apply the process to a feed mixturt; ati defined in part (a); this 
appears to be a conventional feed mixture for recovery of light olefins. One skilled in 
the art would choose the parameter value of membrane temperature without the 
exercise of inventive skill. 

It is further considered that D1 suggests the process taught as offering a solution to the 
problem addressed by the application (see col. 8, I. 48-53). In particular one skilled in 
the art would read the general teaching of D1 as a means to obtain fracions of lighter 
olefins other than ethene, such as propene. 

The arguments offered by the applicant for not considering D1 are not accepted. The 
reference to a steam cracker is a single reference to the prior art in the opening part of 
the document. It does not limit the teaching of D1 as a whole. The other references to 
D1 in the letter of reply are to preferred teachings which are not directed towards 
propene recovery. However the relevance of D1 is that it would read by a skilled 
person as offering a way to recover light olefins generally. 
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It is not apparent that any of the features of claims 2-4 or 7 would introduce an 
inventive step when combined with the features of claim 1 . 

No arguments have been offered by the applicant that the features of claims 5 or 6 
would introduce an inventive step when combined with the features of claim 1 . 


II 

The feature "wherein to the top or discharge end of the absorber section a liquid HC 
mixture is supplied to, which HC mixture is poor in propene" in claim 1 is unclear (Art. 6 
PCT). It fails to define the location to which the HC mixture is supplied and to define the 
propene content. 


iii 


The application also fails to meet the requirements of the PCT convention in the 
following matters: 

1). The description has not been brought into conformity with the claims as required by 
Rule 5.1(a)(iii) PCT. 


2). Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the document D1 is not mentioned in the description, nor is this document 
identified therein. 
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